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Abstract 

Purpose: The purpose of this study was to compare the effects of high, 
moderate and low intensity plyometric exercise on the post-exercise systolic 
and diastolic blood pressure and heart rate responses. 

Methods: Ten healthy normotensive men (age, 21.1+0.9 years; height, 175.8+6 
cm; and body mass, 69.1+13.6 kg) volunteered to participate in this study 
and were evaluated for three non-consecutive days in depth jump exercise 
from 20-cm box (low intensity [LI]), 40-cm box (moderate intensity [MI]) and 
60-cm box (high intensity [HI]) for 5 sets of 20 repetitions. After each 
exercise session, systolic blood pressure (SBP), diastolic blood pressure 
(DBP) and heart rate (HR) were measured every 10 min for a period of 90 
min. 

Results: No significant differences were observed among post-exercise SBP, 
DBP and HR when the protocols (LI, MI and HI) were compared. The LI 
and HI protocols showed greater reduction in SBP at 40^*^-70^** min of post- 
exercise (-9%), whereas the LI and MI protocols indicated greater reduction 
in DBP at lO^-SO^*" min of post exercise (-10%). In addition, the change in 
the DBP for HI was not significant and the increases in the HR were similar 
for all intensities. 

Conclusion: It can be concluded that a plyometric exercise (PE) can reduce 
SBP and DBP post-exercise and therefore we can say that PE has significant 
effects for reducing BP and HR or post-exercise hypotension. 

Key Words: Plyometric; Systolic Blood Pressure; Diastolic Blood Pressure; Heart 
Rate 
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INTRODUCTION 

Regular exercise has the potential to be a key non- 
pharmacological tool in the management of blood 
pressure (BP). After exercise, BP is normally reduced 
below pre-exercise level a well-known phenomenon 
termed "post-exercise hypotension (PEH)" PER has 
been demonstrated after aerobic (endurance) exercise 
and resistance exercise ^^'^l In normotensive subjects, it 
has been attributed to a decrease in cardiac output 
and/or systemic vascular resistance Moreover, it 
has been accompanied by a decrease in peripheral 
sympathetic activity and an increase in cardiac 



sympathetic activity ^ . Nowadays, endurance and 
resistance exercise has also been recommended as part 
of a comprehensive exercise program to reduce 
cardiovascular risk in general population and in 
hypertensives 

The benefits of endurance and resistance exercise 
on the cardiovascular system are well-documented. 
Evidence suggests that endurance and resistance 
exercise favorably alters resting arterial BP in persons 
with hypertension t^'^'^^'^^^. However, whether or not 
plyometric exercise results in a PEH response is 
relatively unknown. Plyometric exercise (PE) is one of 
the important types of training for the development of 
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performance and is used in the conditioning schedule 
by athletes and conditioning coaches. Despite the 
important role of plyometric exercise, the information 
about this kind of exercise on the cardiovascular 
system, especially on BP is not completely understood. 
Only a few studies have investigated the BP responses 
following PE, and these have shown conflicting results 
[12, 13, 14] pj^gyjQug authors showed that PE can increase 
BP after each set of exercise but the information 

about the effects of PE on PEH is scarce and no study 
has examined this approach. If PE is to be used as a 
non-pharmacological intervention in the management 
of BP, more knowledge is required about the different 
characteristics (i.e. number of sets and repetitions per 
set, rest between sets, intensity etc.) of the exercise 
required to evoke PEH, especially the intensity of the 
bout. Because BP responses during the recovery period 
can be influenced by exercise intensity, it is possible 
that different exercise intensities may also have distinct 
effects on PEH. 

Plyometric exercise intensity has been defined as 
the amount of stress the PE places on the muscle, 
connective tissue and joints During plyometric 
depth jump exercise, intensity is defined as the amount 
of landing force. With an increase in box height, the 
amount of intensity increases Although numerous 
studies have examined the effects of different 
resistance or endurance exercise intensities on BP and 
heart rate (HR) responses, limited data exist regarding 
the effects of different intensities of PE on PEH and 
HR responses. Since there were several differences 
between PE with resistance and endurance exercises, 
such as differences in mechanical nature and 
movement pattern; and it is more important to 
determine cardiovascular responses to this type of 
exercise, the current study was designed. Moreover, to 
our knowledge, no study has investigated the responses 
of BP and HR following PE. Therefore, the aim of the 
present study was to evaluate the effect of a single bout 
of different plyometric exercise intensities on BP and 
HR in normotensive subjects. Although PEH might 
have clinical relevance in hypertensives, the study was 
conducted with healthy subjects in order to understand 
its physiology without pathological influences. In this 
study, we had twofold purposes: (1) to determine if PE 
programs had beneficial effects on PEH and HR in 



male normotensive subjects; and (2) to compare acute 
bouts of low, moderate and high-intensity PE programs 
on PEH and HR. 



METHODS AND SUBJECTS 

Subjects: 

Ten healthy normotensive men (age, 21.1+0.9 years; 
height, 175.8+6 cm; and body mass, 69.1+13.6 kg), 
who were familiar with plyometric exercise and 
training, volunteered to participate in this study. The 
subjects were healthy, free from any lower body 
injuries and had no medical, cardiovascular and 
orthopedic problems that were confirmed by physician. 
The following exclusion criteria were observed: a) use 
of drugs that could influence cardiovascular responses 
at rest or during exercise, b) musculoskeletal 
hmitations that would cause the exercises to be 
contraindicated and c) diagnosis of hypertension, heart 
disease or other cardiovascular problems that would 
cause the exercises to be contraindicated. Before data 
collection, the participants were informed about the 
benefit, and possible risks associated with the study 
and provided written informed consent. The 
participants did not change their sleeping, eating or 
drinking habits during the study process. This study 
was approved by the institutional ethical committee 
and was conducted according to the Declaration of 
Helsinki. 

Experimental design: 

The data collection was performed on four non- 
consecutive days. At least 7 days prior to the 
experiments, subjects reported to laboratory for the 
measurement of age, body mass and height. During this 
session, each participant was instructed in the proper 
form and technique of depth jump exercise 
(familiarization session, day 1). All subjects 
underwent, in a random order, three experimental 
sessions: Low intensity (LI), Moderate intensity (MI) 
and High intensity (HI). 

Sessions were initiated between 1 and 3 PM, and 
had an interval of at least 7 days. Subjects were 
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instructed to take a light meal 2 hours before the 
experiments, to avoid physical exercise and alcohol for 
at least 48 hours before performing PE, and to avoid 
smoking, caffeine, and medications for 12 hours. 
Before performing the protocols, the subjects 
performed a 10 min warm-up including light running, 
static stretching and ballistic movements, and then 
remained seated for 10 min in a calm and quiet 
environment. The HR and BP were then measured at 
rest (pre-intervention period). Then they moved to the 
exercise room, where they remained for about 20 min: 
LI depth jump exercise, MI depth jump exercise and HI 
depth jump exercise. The ambient temperature was 
fixed at 27±1 C° and the air humidity during the tests 
ranged between 60% and 70%. Also after performing 
the protocols, subjects came back to laboratory and 
seated for 90 min in a quiet and comfortable place, to 
measure the post-exercise BP every 10 min (post- 
intervention period). An experienced appraiser 
performed the measurements during rest and after 
exercise for all subjects. 

Plyometric exercise: 

After a 10 min standard warm-up, participants 
performed plyometric protocols in a random order. 
Each participant performed 5 sets of 20 repetitions of 
depth jump from the height of a 20-cm box (day 2, LI), 
40-cm box (day 3, MI) and 60-cm box (day 4, HI) onto 
a wrestling-type mat with an interval of 8 sec between 
jumps and 120 sec between sets. Subjects began by 
standing on the plyometric box and were instructed to 
lead with one foot as they stepped down from the box 
and land with two feet on the ground. Instantly upon 
ground contact, subjects were instructed to explode off 
the ground by jumping as quickly and as high as 
possible. Subjects were instructed to perform each 
jump by maximal effort and proper technique. These 
exercise programs were based on recommendations of 
intensity from Miyama and Nosaka ^^^^ and Ebben et al 

[16] 

Blood pressure and heart rate measurements: 

Systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were measured by the indirect 
auscultatory method using a sphygmomanometer 
(Missouri®) and stethoscope (Rappaport® GF Health 



Products, Northeast Parkway Atlanta). BP was 
assessed before the exercise bout and at 10 min 
intervals for 90 minutes after the exercise bout. During 
the measurements, the volunteers remained seated on a 
comfortable couch in an environment without noise. 
The HR was measured using Polar S610i heart rate 
monitor (FIN, 90440, FINLAND) (beat/min). 

Statistical analyses: 

Data are presented as mean ± standard deviation. A 2- 
way repeated-measures ANOVA followed by the 
Bonferroni post hoc test, where indicated, were used to 
analyze SBP, DBP and HR. The level of significance 
was set at P < 0.05 for all statistical procedures. All 
analyses were conducted using SPSS version 16.0 
(SPSS Inc., Chicago, IL, USA). 



RESULTS 

No significant differences were observed among post- 
exercise SBP, DBP and HR when the programs (LI, MI 
and HI) were compared. All intensities indicated 
significant decreases in the post-exercise SBP level at 
10'\ 20* and 30* min of post-exercise. Only LI and HI 
showed significant decreases in the SBP at 40*-70* 
min of post-exercise (Fig. 1). 




- 100-1 . . . . . . . . . — 

^ Pre 10 20 30 40 50 60 70 80 90 

Post-Intervention (min) 



Fig. 1: Mean + SD of systolic blood pressure at pre-exercise and 
post performing low intensity (LI), moderate intensity (MI) and high 
intensity (HI) plyometric exercise. * Significant decreases (P < 0.05) 
compared with pre-exercise value for all intensities, t Significant 
decreases (P < 0.05) compared with pre-exercise value for LI and HI. 
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Fig. 2: Mean + SD of diastolic blood pressure at pre - exercise and 
post performing low intensity (LI), moderate intensity (MI) and high 
intensity (HI) plyometric exercise. 

* Significant decreases (P < 0.05) compared with pre-exercise value 
for LI and MI. 
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Fig. 3: Mean + SD of heart rate at pre-exercise and post performing 
low intensity (LI), moderate intensity (MI) and high intensity (HI) 
plyometric exercise. 

* Significant increases (P<0.05) compared with pre-exercise value for 
all intensities. 

t Significant decreases (P<0.05) compared with pre-exercise value for 
all intensities. 



In the DBF, no significant changes were observed for 
the HI, whereas significant reduction was seen at 10*- 
50* min of post-exercise for the LI and MI (Fig. 2). All 
protocols induced significant increases in the post- 
exercise HR at 10*-50* min of post-exercise. The HR 
returned at pre-exercise level at 70* min of post- 
exercise. Significant reductions were also found for all 
intensities in the HR at 90* min of post-exercise when 
compared with pre-exercise (Fig. 3). 



DISCUSSION 

Considering the important role of plyometric exercise 
and training for improving muscular performance, the 
effects of this exercise on cardiovascular responses is 
important and few studies have focused on this area 
and information about this aspect is little and scarce. 
Therefore, this study was designed to examine the 
effect of a bout of plyometric exercise with differing 
intensity on PEH and HR. In the present study, we 
observed that post exercise SBP was significantly 
reduced by all intensities 30 min post-protocol, but 
there were only significant reduction in the 40*-70* 
min after the LI and HI program. In addition, DBF was 
significantly reduced in 10*-50* 



min after LI and MI programme, whereas no 
significant changes were observed after HI programme. 
In the HR, all intensities showed significant increases 
m the 10*-50* min after FE, and significantly reduced 
in the 90* min after FE. The findings of the present 
study are in line with previous studies that investigated 
FEH after resistance and endurance exercises f^'^^'^^^. In 
contrast. Brown et al examined the effects of 8 sets 
of 10 reps of depth jump from 80 cm box on BF and 
HR responses, and found no changes in SBF, DBF at 
5-10 min post exercise in normotensive men and 
women. 

Several mechanisms have been proposed to account 
for the decreases in BF during recovery from FE. Both 
central and peripheral hemodynamic factors have been 
implicated as potential contributors to FEH A drop in 
peripheral resistance has been reported during recovery 
from aerobic activity and resistance exercise f^'^'^'^^^. The 
fall in peripheral resistance may be related to 
thermoregulatory vasodilatation ^^^\ suppression in 
sympathetic nerve activity ^^^'^^^ or to the release of 
vasodilator metabolites from skeletal muscle An 
accumulation of metabolites may be of particular 
interest with FE, which is associated with a greater 
reliance on nonoxidative metabolic pathways. Hill and 
coworkers ^^^^ attributed a sudden dramatic drop in SBF 
immediately following heavy exercise to a reduction in 
venous return and the removal of mechanical resistance 
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to blood flow and a subsequent lowering of peripheral 
resistance. The role of central hemodynamic variables in 
PEH has yet to be elucidated. Some researchers have 
reported a reduction in cardiac output and stroke volume 
following exercise whereas others have found an 

elevation of these parameters ^^^l Rueckert et al ^^^^ 
observed a biphasic hemodynamic pattern characterized 
by a drop in peripheral resistance during the initial 20 
min of recovery and a decrease in cardiac output from 
50 to 120 min following exercise. 

In this study, it is possible that PE induces a 
reduction in sympathetic nerve activity to the heart and 
blood vessels during the recovery period. Chen et al ^^^^ 
observed a decrease in sympathetic tone to the heart 
after mild exercise in spontaneously hypertensive rats 
and Floras et al ^^^^ and Halliwill et al found a 
significant decrease in muscle sympathetic nerve 
activity after acute exercise in hypertensive and 
normotensive humans. Previous authors observed that 
after an acute bout of exercise, baroreflex control of 
heart rate and blood vessels is distinctly regulated In 
other words, sympathetic drive to the heart increases, 
while sympathetic drive to blood vessels decreases. 
Thus, it is possible that different exercise intensities 
may distinctly affect the baroreflex control of heart rate, 
but not the baroreflex control of blood vessels. 
Moreover, the vasodilatory response ^^^^ and/or the 
decrease in blood volume ^^^^ may play a role in the 
post-exercise blood pressure fall. It is well understood 
that muscle metabolites and heat accumulation are 
directly related to exercise intensity, and sweating rate 
is greater during intense exercise ^^^l In addition, the 
increased local muscle metabolites ^^^^ and/or heat 
production are also potential stimuli for the increased 
heart rate responses after PE. On the other hand, a 
decrease in muscle cell pH following PE may stimulate 



chemosensitive afferent fibers, thereby elevating HR 
^^^l The forces and intensity of PE greater 
involvement of the fast-twitch muscle fibers and 
size of activated muscle mass ^^^^ may also stimulate 
increases in HR and BP. 

Overall, according to findings of present study the 
mechanism (s) causing decreases in BP and increases in 
HR can be increases in pH, increase in muscle 
metabolites and heat production after plyometric 
exercise. Although, the present investigation was the 
first study about the post plyometric exercise 
hypotension, more studies are needed to define the role 
of plyometric exercise in management of BP in human 
subjects. 



CONCLUSION 

In summary, we found that plyometric exercise 
induced significant reduction in BP, and increases in 
HR. These findings are in line with previous studies 
that used resistance and endurance exercises. 
According to results of this study we can say that PE 
has significant effects for deceasing BP after exercise. 
Although we cannot directly recommend PE for 
decreasing BP, these results show significant decreases 
in BP after PE and this finding necessitates more 
studies. 
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